TengeHwii Ta NepCNeKTUBY PO3BUTKY HAYKH i OCBITH B yMOBax rJjodaJizauii

EKOJIOTI'ISA / DKOJI0OI'us
Daniela Paladi, Nina Mija
(Chisinau, Moldova)

ANALYSIS OF THE MAJOR MYCOTOXINS
AND THEIR IMPACT ON THE HEALTH

This overview summarises the toxicity of the six mycotoxins, the foods commonly contaminated
with one or more of them, and current methods for detecting and analyzing these mycotoxins. To
this end, foods contaminated with the most common mycotoxins have been studied.
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Introduction

The problems of ensuring global food security continue to grow. Mycotoxins are attributed to
substances that have a toxic effect on the public health of consumers, with a profoundly negative
economic effect in many countries, particularly in developing countries. They affect agricultural
products, including fresh processed fruit and vegetables, dried fruit, nuts, cereals, oilseeds, and
others [1].

Toxicity of major mycotoxins. Mycotoxin contamination can occur before harvesting,
during growing or after harvesting, during food processing, packaging, distribution, and
storage. In general, all crops and cereals that are improperly stored at high temperatures and
high humidity for an extended period of time may be prone to mold growth and mycotoxin
contamination. Most mycotoxins are chemically and thermally stable during food processing,
including cooking, boiling, baking, frying, and pasteurization. Many national and international
governmental public health organizations, such as the Food and Drug Administration of the
United States (FDA), the World Health Organization (WHO), the Food and Agriculture
Organization of the United Nations (FAO), and the European Safety Authority (EFSA), pays
particular attention to the contamination of mycotoxins with food and addresses this global
issue by adopting regulatory laws for the main classes of mycotoxins in food and feed. The
Republic of Moldova also monitored the content of mycotoxins in some foods (Table 1) [2].

Table 1.
Major mycotoxins and US, EU, and RM limits on food and animal feed levels

Mycotoxin Fungal Species Food Commodity US FDA, | EU (EC RM,
ng/kg 2006), ng/kg
ng/kg
Aflatoxins B1, | Aspergillus flavus | Maize, wheat, rice, 20 for 2-12 for 2-8 for
B2, G1, G2 Aspergillus peanut, sorghum, total Bl Bl
parasiticus pistachio, almond, 4-15 for 4-15 for
groundnuts, tree total total
nuts, figs,
cottonseed, spices
Aflatoxin M1 | Metabolite Milk, Milk Products | 0.5 0.05 in | 0.05
of aflatoxin B1 milk
0.025 in
infant milk
Ochratoxin A | Penicillium Cereals, dried vine Not set 2-10 2-10
verrucosum fruit, wine, grapes,
Aspergillus coffee, cocoa,
carbonarius cheese
Aspergillus
ochraceus
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Fumonisins Fusarium Maize, maize, 2000- 200-1000 | 200-

B1, B2, B3 verticillioides products, sorghum, 4000 4000
Fusarium asparagus
proliferatum

Zearalenone Fusarium Cereals, cereal Not set 20-100 20-400
graminearum products, maize,
Fusarium wheat, barley
culmorum

Deoxynivalenol | Fusarium Cereals, cereal 1000 200-500 200-
graminearum products 1750
Fusarium
culmorum

Patulin Penicillium Apple, apple juice, 50 10-50 10-50
expansum and concentrate

Aflatoxins. Aflatoxins (Figure 1) are a group of toxic, structurally related secondary
metabolites produced mainly by A. flavus and A. parasiticus. Molds that eliminate aflatoxins
grow on many foods, such as grains, nuts, peanuts, almonds, nuts, and seeds. Milk may also be
contaminated with aflatoxin M1, which is a metabolite of aflatoxin B1. Aflatoxin M1 can be
detected in some dairy products, such as cheese, in a higher concentration than in raw milk,
because this toxin is heat-stable, binds well to casein, and is not affected by the manufacturing
process of cheese. Aflatoxins are carcinogenic, teratogenic, mutagenic, and hepatotoxic, the
liver is the main organ affected. They are associated with both acute intoxication and chronic
carcinogenesis in humans and animals [1, 3].

Ochratoxins. Ochratoxins are substances produced by Aspergillus ochraceus, Penicillium
verrucosum, and others. The most important toxin in this group is ochratoxin A (Figure 2). In
general, P. verrucosum can produce ochratoxin A in cold-temperate climates, while A.
ochraceus prefers to grow in warm tropical regions. Ochratoxins have been found in corn,
wheat, barley, flour, coffee, rice, oats, rye, beans, and peas. They can be presented mainly in
wine, grape juice, and fruit. Ochratoxin A has nephrotoxicity and acute hepatotoxicity. The EU
has set limits for ochratoxin A in several foods between 5 and 50 parts per billion (ppb) [3, 4].
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Figure 1. Chemical structures of aflatoxins
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Figure 2. Ochratoxin A
Zearalenone. Zearalenone (Figure 3) is produced by Fusarium species, mainly F.
graminearum and F. semitectum. It is commonly found in corn, wheat, barley, sorghum, and
rye. The most contaminated with zearalenone are corn and wheat stored in conditions of high
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humidity and low temperatures. Consumption of foods contaminated with a high content of
this toxin can lead to infertility or reduced milk production. To date, the US FDA has not
established zearalenone levels. However, the European Commission has regulated maximum
levels of zearalenone between 20 and 100 ppb in various products [3, 5].
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Figure 3. Zearalenone

Fumonisins. Fumonisins are mainly produced by F. verticillioides and F. proliferatum.
Fumonisin B1 (Figure 4) frequently contaminates corn kernels and can also be found in
sorghum, wheat, barley, soybeans, asparagus stalks, figs, black tea, and herbs. Fumonisins
affect the liver and kidneys and cause severe toxicity to laboratory-tested animals. Due to their
hydrophilicity, fumonisin B1 accumulates to a small extent in adipose tissue. The WHO has set
the provisional maximum tolerable daily dose at 2 ug / kg body weight [4, 5].

Trichothecenes. Among the trichothecenes, the most common and best studied is
deoxynivalenol (Figure 5), but it is also among the least toxic. Fusarium species infect field-grown
plants, such as wheat, barley, oats, rye, corn, and rice. They can also be found in soybeans, potatoes,
sunflower seeds, peanuts, and bananas and have been found in some processed foods derived from
cereals (bread, breakfast cereals, noodles, and beer). Human exposure to cereals contaminated with
this toxin has been reported to cause nausea, vomiting, diarrhea, abdominal pain, headache,
dizziness, and fever. The US FDA has set a limit of 1 ppm deoxynivalenol for a finished wheat
product, such as flour and bran [1, 4].
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Figure 4. Fumonisin B1
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Figure 5. Deoxynivalenol

Patulin. Patulin (Figure 6) is produced by certain species of Penicillium, Aspergillus, and
Byssochlamys that grow on fruits and vegetables. Although it mainly contaminates apples, juice,
and apple, pear, peach, and grape products, food can also be vulnerable to contamination with
patulin. Patulin was initially studied as a potential antibiotic, but subsequent research has
shown toxicity in humans, including nausea, vomiting, ulcers, and bleeding. The US FDA
limits patulin to 50 ppb as a level of activity in foods for human consumption. The European
Union Committee has set a maximum level of 50 ppb for fruit juices and fruit juice
concentrates 25 ppb for solid apple products, and 10 ppb for juices and foods for babies and
young children [3-5].

24



TengeHwii Ta NepCNeKTUBY PO3BUTKY HAYKH i OCBITH B yMOBax rJjodaJizauii

Figure 6. Patulin

The level of illness of people in RM with mycotoxin-induced diseases. As a result of the
study on the statistics of illnesses in the Republic of Moldova of cardiovascular diseases, cancer,
diseases of the digestive tract, diabetes, diseases of the respiratory system that can also be produced
by the consumption of food contaminated with mycotoxins in people aged 30-70 years, there was a
decrease in the rate of illnesses from 2010 to 2013. In 2014 and 2015, there was a noticeable
increase (Figure 7) [2]. A study of the statistical values of food poisoning deaths was also carried
out. In 2010, most deaths were due to unintentional poisoning, including food poisoning, with 103.6
persons per 100 000 inhabitants (Figure 8).
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Figure 7. Premature mortality rate due to cardiovascular disease, cancer, diseases of the
digestive system, diabetes, diseases of the respiratory system among people aged between 30
and 70 years, per 100 thousand population
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Figure 8. Unintentional poisoning mortality rate among people aged 30 to 70, per 100.000
population

According to the Ministry of Health of RM in 2017, the population most often suffers from
respiratory diseases, complications of pregnancy and childbirth, traumatic injuries and food
poisoning. At the same time, there is an increase in the number of new cases of malignancies that
could be caused by foods contaminated with mycotoxins. Since 2017, there has been a significant
increase in the number of deaths from people with cancer and diseases of the digestive tract. In
2020, the number of cancer deaths and diseases of the digestive tract across the country among
people aged between 30 and 70 years was reached 2.400 people, facts which require the
redirection of the measures taken by the administration in order to improve the health of the
population [2].
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Figure 9. Premature morbidity from cancer and diseases of the digestive tract among
people aged between 30 and 70 years in the Republic of Moldova
Conclusion. Mycotoxins are unpredictable and unavoidable contaminants in foods and
feed worldwide. These small chemicals represent an open challenge for food safety and pose a
serious risk for human and animal health while also contributing to massive economic losses to
the agriculture industry.
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ITMJIPOXUMHNYECKHI PEXKUM BOJOEMOB MECTHOI'O 3HAUYEHUS
AKTIOBUHCKOM OBJIACTH

Hay4Ho-nipon3BOACTBEHHBI TIEHTp PHIOHOTO XO03siicTBa, 3amagHo-Kaszaxcranckuii ¢umman,
. YpajibCck

HccnenoBanne puHancupyercs MUHHCTEPCTBOM SKOJIOTHH, T€OJIOTHH U IPUPOIHBIX PECYPCOB
Pecniyonuku Kazaxcran (I'pant Ne BR 10264205).

B cmamve npedcmagnenvl pe3yivmamvl  UCCIEO08AHUS  SUOPOXUMUUECKO2O — DPeNCcUMa
PbIO0X03AUCMBEHHBIX 8000eM08 AKMIOOUHCKOU 00aaCmuU € Yeablo aHAIU3Ad Kavyecmed 600bl
(opeanuueckoe gewyecmeo, MUHepaIu3ayus, OUo2eHHble COeOUHEeHUs], PACMBOPEHHbLU KUCI0POO) 05
Onazonpusamno2o 0oumanus 2uOPoOUOHMOS.

Knrwouesovie cnosa: cuopoxumuyeckuil pexicum, Kauecmeo 800vl, AKmwOUHCKas 061acme.
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BBenenme. /[ Kazaxcrana BOJHBIE pEeCypChl SIBISIOTCS OJHHMM W3 TJIABHBIX (DAKTOPOB,
ONPEIEAONINX YCTOMUYMBOE COLMAIbHO-3KOHOMUYECKOE pa3BUTHE. |lOBEpXHOCTHBIE BOJHBIE
pecypchl 110 TEPPUTOPUH pecnyOIMKU paclpezesieHbl KpailHe HEPaBHOMEPHO M XapaKTEpU3YIOTCS
3HAYUTEJILHON MHOTOJIETHEW U BHYTPUTOJOBOM IMHAMUKON. B cuily KiMMaTuyeckux oco0eHHOCTe!
CTpaHbl IOYTH BECh CTOK ITOBEPXHOCTHBIX MUCTOUYHUKOB MPUXOJUTCS HAa BECEHHUH Nepuol. ITo, a
TaKkK€ 3aBUCUMOCTb OT TPAHCTPAHUYHBIX MCTOYHHUKOB BOJIOCHAOXEHUS, O0OyCIaBIMBAIOT
HEPaBHOMEPHYIO O00ECIeUeHHOCTh BOJHBIMH pecypcaMu peruoHoB. IIpakTuuecku Ha Bcel
TEPPUTOPUHU CTPaAHbl UMEET MECTO HampshDKEHHas BOAOXO3sIICTBEHHAss 0OCTaHOBKA, BbI3BAHHAS HE
TOJIBKO HEJO0CTAaTKOM BOJHBIX PECYPCOB M 3arps3HEHHEM BOJHBIX UCTOYHMKOB, KOTOpas JOCTHUIJIA
HauOOJIBIIEr0 YPOBHS B MEPHUOJ SKOHOMUYECKOTO POCTa, HO U HEPALMOHAIBHBIM HCIOJb30BaHUEM
BOJIOXO3SHCTBEHHON CUCTEMBI, Hed(h(DEKTUBHBIM yIipaBiieHHEeM e10. HecOaraHCHpOBaHHOCTD MEXTY
CHOCOOHOCTBIO TPUPOJIHOM Cpe/ibl K BOCCTAHOBJICHUIO U aHTPOIOTEHHOM.

CrnenyeT OTMETUTH, YTO TOPHBIE PAMOHBI UTPAIOT BAXKHEWUIIYIO POJIb B BO30OHOBIECHUH BOJIHBIX
PECYPCOB, MpEXJIe BCEro MOTOMY, YTO UMEHHO B ropax (popmupyercs nofasisitomniee 00JbIIHHCTBO
BO300HOBIISIEMBIX BOJHBIX PECYPCOB, a TAKXKE Pa3IMUHBIC THIBI BOJHO-00J0THBIX yroauii (BBY),
uMerolmux OoJbllloe 3HAYeHHE B BOAHOM pexkume. Haumbomnee pacmpocTpaHeHHOW TIpymnmoin
aBisitorcs BBY MecTHOro 3HadeHus. Bo Bcex paBHUHHBIX NIPUPOAHBIX 30HaX Kasaxcrana umerorcs
HeOOJIbIINE TI0 pa3MepaM BOJIOEMBI, HCIIOJIb3yeMbIe HACEICHUEM JJIsi OPOLICHHs, BOAOIOS CKOTa U
3aroToBKM ceHa Ha Oepery. OOmee konmuectBo BBY MecTtHoro 3naueHusi B crpaHe JOCTHUTAET
47 000 [1].

KagecTBO MOBEpXHOCTHBIX BOJ SIBIISICTCS OJAHWM U3 BaXHBIX (DaKTOPOB, OMPEACISIOIINX
MIPUTOJHOCTH BOJOEMOB IS OOMTaHHS THIPOOMOHTOB U PHIOOXO03AHCTBEHHON AesTenbHOCTU. Benb
ype3MepHasi KOHIIEHTPAlusi OMOTEHHBIX COCTMHEHUH B BOJIE, HU3KOE COJIEPKAHHE PACTBOPEHHOTO
KHCJIOPOJIa, BBICOKAs COJEHOCTh M MHHEpAIU3alMs OTPULATEIBHO BIUSIOT HAa COCTOSHHE
THJIPOOHOHTOB.

B cBs3u ¢ 9TUM, LEnbI0 pabOTHI SBISETCS aHAIN3 THAPOXUMUYECKUX TMOKA3aTeNei MECTHBIX
BOZI0€MOB AKTIOOMHCKOH 00J1acTH.

Martepuanbsl u Metroabl. OTO0op u 00paboTka MpoO0 NPOBOAUIUCH B COOTBETCTBUH C
OOIICTTPUHATHIMA METOJUYECKUMH PYKOBOJCTBAMH TNPUHSATHIMH B CHCTEME HKOJOTHYECKOTO
MoHuTopuHra B Kazaxcrane [2-14]. Onpeznenenuie coaep:kaHusi paCTBOPEHHOTO B BOJE KUCIOpPOAA
MIPOM3BOJIMIIH Ha MecTe 0TOopa aHaim3atopom CAMAPA-2.

PesyabTaTrhl M 00cy:xkaeHusi. MaTepuanbl JUIsl HMCCIEJOBAaHUN COOMpANUCh B JIETHUH U
oceHHU# nepuo (utosib-ceHTsa0ps) 2021 1. Beero 3a Bech nepuog HUP 6b110 B3siTO 16 T1p00 BOJIBI.
XuMudeckuil aHanmu3 mpoO BOABI MPOBOAMICA B aKKPEIWTOBAHHOW sabopaTopuu 3amagHo-
Kazaxcranckoro ¢unmuana «HamuoHalbHOTO  IIEHTpa OKCHEPTU3Bl W CEPTUDUKAIIUN.
WuTepnperanust JaHHBIX ObUTa TMPOBEACHA B COOTBETCTBUU C HOPMATHBAMH, MPHHITBHIMHU IS
pBIO0X035HUCTBEHBIX BOA0EMOB [ 15].

Jl1is Bcex HMcCleoBaHHBIX pek OblLla oTMeUYeHa HeHWTpalibHas, Cla0OoIIeIouHas WK IIEIOYHAS
peakuus cpenbl. ConepkaHnue KMCI0poia B OOJIBIINHCTBE UCCIEA0BAHHBIX peKax ObUIO B Mpejaenax
HOPMBI, 3a UCKIIOYeHHeM peku bombimas XoOpa, rie B OCHOBHOM MpPeo0IagaloT MEIKOBOHBIC
YY4aCTKU. YPOBEHb OHMOTCHHBIX COCIMHEHHM HEBBICOKMM. HeCcKoJbKO TMOBBIIIEHA KOHIICHTPAIIMS
aMMOHHIHOTO a3oTa Ha Ne 2 yyacTke peku Tenmpkapa W YIbKasK, 3TO CBUAETEIBCTBYET 00
3BTPO(UPOBAHUM BOJOEMOB, BEPOSTHO OOYCIOBJIIEHHBIM MOCTYIUICHMEM OPIaHUKH C IJIOLIAAH
BojocOopa. Kak mpaBuio, 5TOMy COMYTCTBOBAJIO BBICOKOE COJEpXAaHHWE PACTBOPEHHBIX
OpraHMYECKUX BEIIECTB, HH3Kasg IMPO3PAYHOCTh U IKEJITOBATO-3€JICHOBATHIM LIBET BOJBI,
CBHJIETEJILCTBYIOLINI 0 OypHOM pa3BUTUU MUKPO(IOPHI.

OO6mue ruapoXxuMHUYecKue rnokaszarenu (Tadbauua 1) u3ydaeMbIX BOJOEMOB CPaBHUMBI BBUIY
CXOJIHOCTH OCHOBHBIX THAPOJIOTHYECKUX U TUAPOPU3HUECKUX (HAKTOPOB.
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Tabnuma 1. Pe3ynpTaThl THAPOXUMHUYECKOTO aHAIHM3a MPUPOIHBIX BOJ M3 3aKPETUICHHBIX
pBIOOX 035 UCTBEHHBIX BOJIOEMOB AKTIOOMHCKOM oOacTH, 2021 1.

Yo 3
272 g &
o3 Yo
g E buorenHslie coeTMHEHNS, 8 So
N 8 3 5« =| Munepanuszanus
Bonoém pH | 8 = MT/ M = 2 3
5 3 E £ BOIBL MI/aM
SR g 3
A & F
Oz | NHs | NO; | NO, | Peos i
1 2 3 4 5 6 7 8 9
Pexu
KubLi 803| 89 | 0,26 | 039 | 0,032 | 0,0025 | 3,6 3317,3
Y 824 85 | 051 | 0,32 | 0,054 | 0,021 | 3,6 2088,0
b.Xob6na 793| 36 | 0,82 | 0,15 | 0,023 | 0,022 | 1,68 1319,7
Ops 803| 75 | 1,31 | 0,62 | 0,003 | 0,015 | 3,92 922,0
Temup 8,16 | 46 | 0,21 | 0,11 | 0,012 | 0,021 | 3,52 460,3
Unek 8,27 80 | 0,43 | 0,19 | 1,178 | 0,0245 | 3,28 877,7
VibKasik 787 98 | 11,13 | 0,99 | 0,055 | 0,017 | 6,08 10334,0
Tenpkapa Ne 1 | 8,24 | 6,8 | 0,57 OI%; 0,02 | 0,004 | 3,84 14443
TenpkapaNe2 | 793 | 98 | 2,78 | 0,17 | 0,045 | 0,008 | 5,04 4221,0
Bopoxpanuania
AxTtioounckoe | 8,02 | 6,8 | 093 | 0,43 | 0,005 | 0,002 | 2,64 506,0
Oiicpuikapa 8,26 82 | 0,73 | 0,19 | 0,92 | 0,004 | 3,04 325,3
Cagmmcxoe 7,90 | 41 | 0,75 | 119 | | 086 | 144 640,0
Ipyn
BAM 18,09]10,1] 0,66 | 0,27 [ 0,004 0,003 | 32 | 405,3
O3sepa
lamkap 8,76 | 8,3 | 2,93 0%2 0,048 | 0,003 | 4,48 1584,0
b. Kajawam | 8,19 | 9,0 | 3,27 | 0,57 | 0,111 | 0,004 | 5,6 13392,0
Kapmakkonb 8,1 | 85 1,7 2,5 0,25 0,17 29,6 2655,0
baiitakkosb 7,75 64 | 3,02 | 053 | 0,174 | 0,003 | 6,24 7533,0
Kapmakkors 615 | g5 | 337 | 005 | 0,532 | 0,004 | 4,48 1910,0
y n.MawmsIp
ITJIK %55_ >6,0 | <2,0 | <450 | <33 | <1,0 | <350 <2000

BeposiTHON NmpUYMHOI 3TOro SBISIETCS JErpajalus OpraHuKH, MOCTYNHUBIIEH B BOJAOEMBI C
JI0IAIM BOJ0CcOOpa B IEPUO] TAaBOAKA. 3HAUCHHS] MUHEPAIU3AIIUU BObI COOTBETCTBOBAIH KJIACCy
MIPECHBIX BOJ (TMIOTATMHHBIX), 32 UCKIIOYCHHEM PEeKu YIbkask u Tembkapa Ne 2 ydacTok, rae
OTMCYAJIACh IMOBBIIICHHAA MUHCPpATIU3alUs.

B 1menom BOABl HMCCIEIOBAHHBIX PEK COOTBETCTBYIOT PBIOOXO3AWCTBEHHOW KaTEeropHH
BOJIOTIOJIE30BAHMS.

AKTIHOOHHCKOE BOJOXPAaHMIHUINE HanOoliee KPYyMHOE Cpeau 00CIeI0BAaHHBIX MCKYCCTBEHHBIX
BojoeMoB oOnactu. [nmyOuHa BoJOXpaHWIMIA Ha MecTe oTOopa npod cocraBuiaa 3 M.
[Ipo3pauHOCTh BOJIBI B LICHTPAJILHOM 30HE BOJIOEMA JOCTUTAeT 3HAYUTENbHBIX BenuuuH — 0,5 M. Ha
MOMEHT 00CJIe/IOBaHMs BOIOEMA TemIepaTypa Bobl coctaisiia 21,3°C mo Beet BogHOoM Tommme. Boga
o0raaeT cnaboIIeIOUHON peaKIfel, KOHIIEHTPaIUs PACTBOPEHHOTO KUCIOPO/a, 0 HAOIIOICHUSIM
2021 . go 6,8 mr/am’. Boga BOJIOXPaHWJIUIIA XapaKTEepU3yeTcsi cinaboi MUHEpantu3anuen, 1o
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NPUHATOW KJIACCU(HUKAIMU OTHOCUTCS K KaTerOpHUHM CJ1ad0 MMHEpaIM30BaHHBIX Boa. Ilo
M3YYEHHBIM OCHOBHBIM T'HMJIPOXMMHYECKHM IOKAa3aTeNsIM BOJHAs cpela JaHHOTO BOJOXPAaHMIIHUINA
OnaronpusATHA IS )KU3HEACATEIbHOCTH UXTHO(AayHBI U KOPMOBBIX O€CITO3BOHOYHBIX.

Bopoxpanuwinme Oiicbliikapa. Ha MoMeHT B3aTHg mpo0 TeMIiieparypa BOJABI COCTaBisUIa y
nosepxHoctu 22,8 °C u B npuponaom cioe 20,7 °C. IIpo3pauyHocTs BOAbI OblIa BBICOKasi — Ooee
1,0 M. AKTUBHAs peakiusi cpeiibl MO BCel aKBaTOPUHU BOJIOEMA COOTBETCTBOBAJIA CIA0OIIEIOYHOM.
CopepkaHue KUCIOpPOJa y TOBEPXHOCTH ObUIO yhosieTBoputenbHbIM (107 % HaceImeHus).
3HaueHusT MHUHEpaIM3ali BOJbl COOTBETCTBOBAJIM KJacCy MPECHBIX BOJ (THUMOTaIMHHBIX). B
LIEJIOM BOJBI Bojoxpanmwinia OWchlTKapa COOTBETCTBYIOT HOPMAaTHBaM JUIsl phIOOX03sIiICTBEHHOM
KaTeropuu BOJIOTOIb30BaHUS.

Ca3aquHcKoe BOJOXPAHWIMINE XapaKTepU3yeTcs HEOONbIIOW IUJIOMIAJbl0, TIyOMHAa B
LEHTpalIbHOM ero yactu coctraBwia 2 M. IIpo3paunocts Boabl — 0,2 M. OKHCIIEMOCTH BOJIbI
JIOCTaTOYHO BBICOKAs, 4YTO CBUACTEIBCTBYET O 3HAYUTEIBHOM COJEPKAHUU PACTBOPEHHBIX
opraHnyeckux BeniecTB. KoHIIeHTpalis coeMHEHUI a30THON IPYMIbl pa3IudHa, COJIM AMMOHUS U
HUTPATHl HalJICHBI B HEBHICOKOM KonmuecTBe. DocopHbie coequHEHNs B BOJIE BOJIOXPAHMWIIMIIA HE
JTUMUTHPYIOT pa3Butue BogHOU ¢iiopsl. 1o crenenn Munepanusanuu Boja npecHas — 640 M/,
110 HIOHHOMY COCTaBYy OHa THApOoKapOoHaTHO-HaTpueBas. [lo cpaBuenuto ¢ 2020 r. MUHEpaIU3aLMs
BOJIbI IOHU3UIICS, B CBSI3U C TIOBBIIIICHUEM YPOBHS BOJBI.

B nemomM nmo XMMHYECKOMY COCTaBY BOJbl M H3YYEHHBIM THUIPO(U3MUECKUM [apaMeTpam
pexxum Ca3gUHCKOTO BOJOXPAHUJIMINA AHAJIOTMYEH C TaKOBBIM JJISi PAacCMOTPEHHOTO BBIIIE
AKTIOOMHCKOTO BOJOXpaHmwInIa. [lo ypoBHIO KOHIEHTpalMW THUAPOXUMHUYECKUX IOKa3aTenei
BOJIHAsI Cpella COOTBETCTBYET PHIOOBOJHBIM TpeOoBaHMSAM. HecKoiIbKO MOBBINIEHA KOHIIEHTPALUS
MHUHEPAIBHOTO PAacTBOPEHHOTO (ocdopa. IT0, 04EeBHIHO, OOYCIOBICHO IOCTYIUIGHHEM €ro B
COCTaBe PEUYHBIX BOJ B MIEPHOJ] BECCHHETO MaBOAKA

IIpyn BAM. B 2021 r. rnyouna npyna BAM B mecrax otOopa npo6 coctaBuia oT 3 A0 8 M.
TemnepaTtypa Boabl Ha MOMeHT oOcnenoBanus Obuia 25,0 °C B mpumonHom cioe u 20,2 °C y
noBepxHoctu. [Ipo3paunocte Bombl coctaBisger 2,0 M. 3HaYeHUsT MHUHEPATU3ALUU  BOJIbI
COOTBETCTBOBANIM KJIACCy TMpPECHbIX BOJ (TUMoOraivHHbIX). B 1menom Boasl mnpyaa BAM
COOTBETCTBYIOT HOPMATHUBaM JUIsl pIOOX03sIICTBEHHON KaTETOPHH BOIOTIOIB30BAHUSI.

Ozepo lankap (Iankapcekwmii paiion). B 2021 r. my6una o3. Illankap B Mectax otOopa npod
cocrasuia ot 1,5 1o 2 m. IIpo3paunocts Boas! — 0,3 M. Temneparypa Bobl BO BpeMsl 00CiIeJOBaHMs B
IIOBEPXHOCTHOM ci0oe coctaBuina 16,4 °C mo Bcelr BogHOM Touie. BogopoaHelii OKa3arenb B BOAE
BOJI0EMa UMell 3HaueHne — 8,76. YpoBeHb a30T- 1 pocopcoaepkamx COeTMHEHNH He TIPEBhIIIacT
ONTUMAJIbHOW BEJMYMHBI, XapakTepHOU IS BOJOEMOB MOAOOHOro TUma. bbulM OTMEuYeHBI He
3HAYUTENIbHbIE TIPEBBIIIEHNS 110 KOHIEHTpAalMM MOHOB aMMoOHHMs. [IpeBblllieHHMEe JaHHOTO
MoKa3aTessi BepoATHO 00YCIOBICHO 3arpsi3HEHHEM BOJI0EMA X035 HCTBEHHO-OBITOBBIMU CTOKAMHU.

Hprus-Typraiickas cucrema o3ep. bacceiin p. Topraii UMeeT CIIOKHYIO U XOPOILIO Pa3BUTYIO
peunyto ceTb. Pexka oOpasyercs ciusiHuem pek JKangama m Kaparopraii, HUke OHa NMpUHUMAET
nputoku Capel-Y3enb u Teke, mpoxoauT uepe3 o3. Capblkona, MO BBIXOJIE€ U3 KOTOPOrO OHA
noiryyaeT Ha3zBaHue Topraii u tepsercs B 6ecctounoit BnanuHe Illenkap-Tenrus. [nuHa peku ot
MecTa CIMSHUA 10 YCThsl 825 KM, muomanas BogocOopa 157 km2. CpegHemecsuHble pacxoibl €
CeHTSAOps IO ampesib COCTABJAIOT MEpBbIE JECATKH JIMTPOB B CEKyHAy. B mepuox BeceHHero
MOJIOBOJIbSI MHHEpanu3amuss BoAbl B BepxHem TeueHun 0,2-0,3 1/1, cocTtaB  BOJBI
I'HJIpOKapOOHATHBIN KaJbIIMEBO-HATPHUEBLIM. B JeTHIOI MeXeHb MUHEpaIU3alis BOIbI BO3pacTaeT
B BepxoBbsx 110 0,6-0,8 1/1, a B cpeyHeM TeYeHUH B OTAENBHBIX Ti€cax u 10 20,0 1/11, cocTaB BOJBI
U3MEHSEeTCA 70 CYNb(aTHOrO U XJIOPUIHOTO HATPHEBOTO.

B Aktrobunckoii obnactu k Oacceifny p. Toprail npuHaanexxut u p. Upruz. Ona HaunHaercs
Ha BOCTOYHBIX OTporax Myromxkap u cnuBaercs ¢ p. Topraii 6:u3 ee yctbs. O6mas anuna p. Uprus
nocturaet 593 kM, momaas Bogocbopa 239 KMZ. CpenHuii MHOTOJIETHUNA pacXoJl PEKU COCTaBIISIET
4,0 M/c (y c. Jounrenekcop) u 7,56 M/e (y c. Uprm3) [16].

B ocennuii nepuon 2021 rona 6s1mu o6cnenoBansl 4 Bogoema Mprus-Typraiickoit cucremsl. B
MecTtax oTOopa mpoO cpenHsisi rinyouHa ozep konebanach or 1,5 (Kapmakkons y m.Mawmsip,
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baiitakkonp) 10 3 M (03. Kapmakkons u bonsimoit Xananamr), npozpaunocts Boabl — oT 0,5 M (03.
Kapmakkons y m.Mameip u bonbmoit Xananamr) mo 0,8 M (03. baittakkons u Kapmakkois),
CpeaHee 3HAUEHHE TeMIeparyphl Bojasl coctaBuio 17,1 °C (Tabuumna 2).

HccnenoBanuble 03epa OTHOCSTCS K COJOHOBaTHIM BOJOEMaM C OOIIeH MUHepaiu3aluei,
npesblmatoied 1 %o, pacrnonoxeHsl B 00JIaCTH HEJOCTATOYHOIO YBIAXHEHMSI — CYXMX CTEIsiX.
Bbonbiias yacte 03ep nmoaynporodHas. VX ruipoxumusi CylecTBEeHHO OTJIMYAeTCs OT THAPOXUMUU
MUTAIOIINX UX PEK.

Tabmuia 2. 3HaueHre HEKOTOPhIX FI/IL[pO(bI/BI/IquKI/IX napamerpoB Mpruz-Typraiickux o3ep

= Te " °C Coneprkanue Kuciaoposia
HaumMenoBanve o3epa g = o S 7 '% in 8 § MHEpAPa, MO/M
E RS B EE
MOB. | MPHAOH. | TIOB. HPUJIOH.

O3epo bonbmioi 800 3 05 | 17.9 i 9.0 73
JKanmanam
O3epo Kapmakkoub 800 25 0,8 | 19,2 - 8,5 6,1
O3epo baiitakkoib 2000 1,5-2 08 | 154 - 6,4 41
O3.Kapmakkons y 100

1,5 05 | 159 - 8,5 5,6
1.MaMsIp

dopMHUpPOBaHUE XMMHUYECKOIO COCTaBa O3€PHBIX BOJ O0JIACTU NMPOMUCXOJIUT IYTEM CMELIEHUS
MEHEE MUHEPAIU30BAHHBIX ITOYBEHHO-IIOBEPXHOCTHBIX BOJ IE€PHOJA BECEHHETO IIOJOBOIbS C
BOJIaMU «3MMHETO OCTaTKa» B 03€pe, a 3aTEM — B PE3yJbTaTe MOATOKA CUIbHO MUHEPAIN30BAHHBIX
IPYHTOBBIX BOJI, MCIApPEHUsl C BOJHOM IOBEPXHOCTH, 0Opa3oBaHMA JibJa U Oosiee MHTEHCHBHO
MIPOTEKAIOIUX 3/1€Ch XUMHUUECKUX U OMOJIOTMYECKUX IPOLECCOB. B cBOIO odepeabr MuHepamu3anus
U XUMUYECKUHI COCTAB PYCJIOBBIX BOJ BECEHHETO I1OJIOBO/IbsSI, HAIIOIHAIOIINX O3€pHBIE KOTJIOBUHBI,
3aBUCST OT CTENEHU 3aCOJIEHHOCTH TOYBEHHO-TPYHTOBOW TOJILIM BOJIOCOOPOB JIETKOPACTBOPUMBIMU
cossimu [17].

Tabnuna 3. Pe3ynpTaThl THAPOXUMUYECKOTO aHaNM3a NpupoaHbix BoJ Upruz-Typraiickoi
CHUCTEMBI 03ep, CeHTA0ps 2021 T.

buorennsle coemHenys, Opranuyeckoe M B

Bomoém pH M/ BEIIeCTBO, MI' | €1CI> Mr/a”?"

NHz | NOs | NO, | Ppos | kB O/mv® ABL, MLTIIM

03. B. Kananam 8,19 | 327 | 057 | 0,111 | 0,004 5,6 13392,0
03. Kapmakkonb 8,1 1,7 2,5 0,25 0,17 29,6 2655,0
03. BalTaKKOIb 775 | 302 | 053 | 0,174 | 0,003 6,24 7533.0
03. Kapmakkom y 8,12 | 332 | 0,05 | 0,532 | 0,004 4,48 1910,0

n.Mambip

TTKp %% <20 | <450 | <33 | <10 | <350 <2000

Boga 6onpmMHCTBA M3YUYEHHBIX 03€p XapaKTepU3yeTcsl BHICOKOW MHUHepanu3anueil. ['maBHoi
IIPUYMHON MEXTOJOBBIX M3MEHEHUN MHHEpAIM3allMM BOJBI B 3THX 03€pax SIBISAETCS CTENEHb MX
HaIoOJIHEHUS! BECEHHHMHU IMaBOJKOBBIMM U TajJbIMU BOJAMH, a TaKkke MNPOTOYHOCThH. [loaTomy,
CpaBHMBas MaTepuaibl 3a IIOCIEAHUE HECKOJIbKHMX JIET, MOYKHO KOHCTaTHPOBaThb 3aMETHOE
W3MEHEHUE COJIEBOI0 COCTaBa BOJbI B 03epax B 2021 roxy.

3HaueHue oOIIel MUHEpATHU3alMU JOCTUrajl0 MAaKCUMAIIbHBIX BEJIMYMH B o3epax balTakkonbs u
bompmoit XKanamam — 7533,0 u 13392,0 MF/)]M3 COOTBETCTBEHHO. MUHMMaJIbHAsE MUHEPATU3aUs BOT
xapakrepHa a1 o3zep Kapmakkons y n. Mawmelp m Kapmakkoms— 1910,0 m 2655,0 mr/am°
cootBeTcTBeHHO. [Ipeobanaromee 3HaUeHNE TaHHOTO TTOKa3aTens kKoyebanock B uHTEpBasie ot 1910,0
10 13392,0 mr/am®. BenuunHa akTHBHO#M peakiu (pH) B o3epHbix Bojgax B 2021 r. Haxoauiach B
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npenenax 7,75-8,19, muokcun yriaepona He Obul oOHapyxkeH. KpaifHue 3HaueHHs NepMaHTaHATHOW
OKHCIISIEMOCTH cocTaBuii oT 4,48 10 29,6 MF/,I[Mg.

Bo Bpemst nccienoBaHus TUIPOXUMHYECKHI PEKHM BOZOEMOB ObLI OIAaronpHsTeH Ui OOUTaHMS
PbIO ¥ KOPMOBBIX TMIPOOMOHTOB. O1HAKO OOMEIIEHHE, 3apacTaHke U 3aWINBAHUE HEKOTOPBIX OTAEIIBHBIX
BOs10eMOB (03epa Kapmakkonb y 1. Mamelp u baiiTakkonb), MOXKET CYIIECTBEHHO MX YyXyamuTh. Kak
NPaBWIO, TIOCIEACTBUSIMU 3HAUUTENIBHOIO 3aWJIMBAHMS SBISIETCS 3aKHCIEHHWE BOJHOW Cpelbl,
TIOBBIILICHHE OWOXMMHUYECKOTO TIOTpeOIEeHHsT KHUCIOpOda, M KakK CJIEACTBHE JTOr0 — Je(uimT
PacCTBOPEHHOI'0 KHCIOpoJa B Boje. Takke, Ipu OOJBIION TONIIMHE WJIOBOTO CJOSl, MPOUCXOAUT
YCUJIEHHOE Ta3000pa30BaHNUE METaHa, CEPOBOAOPOA. ITO 3aMOPOOIIACHO B 3UMHHUM MOAJIEHBIA IEPUOL,
TaK BBIIEISIOUIMECS TOKCHYHBIC Ta3bl, M3-3a JIEJOBOIO MOKPOBA HE MOI'YT BBIXOJUTH B armocdepy, U
OCTarOTCS B BOJTHOM CpeJie, yXy/IIasi €€ KauecTBoO.

Takum oOpa3oM, NOJy4YeHHBIE 3a IOCIEJHME TOJbl MaTepHalbl CBUIETENbCTBYIOT 00
YIIOBJIETBOPUTEIBHOM T'HMAPOXUMHUYECKOM DPEKUME HM3YUYEHHBIX 03€p. B BereranMoHHBI nepuosn
BOJIHAs cpeAa Oblaa ONaronpusTHOM JUIsl JKU3HEAEATENIIBHOCTH PbIO U KOPMOBBIX OPraHM3MOB.
buoreHHble coeMHEHHs B O3E€pHBIX BOJAX I10 KOJUYECTBY BIIOJIHE JOCTATOYHBI JUIsl Pa3BUTHUSA
IPOAYKIMOHHBIX TpoLEeccoB. B psjae ciiyyaeB KOHLIEHTpalMsi aMMOHUHHOIO a30Ta IHPEBBIIIACT
I[IJK. Yto, B 1enoM, XapakTEepHO Uil O3€p apUIHOM TEPPUTOPHM C 3aMEIJICHHBIM BOJHBIM
PEKMMOM U BBICOKOH 3apacTaeMocThlo. B neTHuit mepuoj coiepaHHe 3THX BeIIECTB Oyjaer
CHIDKATbCA H3-3a NOTPEOJEHHs] MX BOJHOW pPACTUTENBHOCTBIO U YCHIIEHUS OKHCIMTEIbHBIX
nporneccoB. KoHlleHTpalysi MUHEpaJIbHOTO PacTBOPEHHOro (ochopa HAXOIUTCS Ha JOCTATOUHOM
YpOBHE /JIsl pa3BUTHUS TUAPOAyHBI.

Ha ocHoOBe mosryyeHHbIX aHAIMTHYECKUX JaHHBIX MOYKHO 3aKJIFOYMTh, YTO B JIETHUN M OCEHHUIN
MepUoJl 3HAUCHHE H3YYEHHBIX TUAPOXUMHUYECKUX MapaMeTpoB M THIPOPU3MUYECKHE YCIOBHUS
BOJIOEMOB COOTBETCTBOBAJIO HOPMAaTHBHBIM TPEOOBAHUSAM, YCTAHOBJICHHBIM [yl €CTECTBEHHBIX
pBpIOOX034HCTBEHHBIX BOAOeMOB. KoHIEHTpaluss OMOreHHBIX COEIMHEHUN HE JIMMHUTHpOBAJa
OMONPOYKIIMOHHBIE ITPOLIECCH] B BOJOEMAX.
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